ABSTRACT
INTRODUCTION
Agriculture is one of the sectors highly vulnerable to the impact of climate change, especially in a country like Nigeria where agriculture is rain fed and practiced at the subsistence level. The nature of the impact of climate change on agricultural activities is complex and still being studied. They include but not limited to uncertainty in the onset of farming season due to changes in rainfall pattern, crop failure, pests and diseases migration, decline in agricultural yield and extreme weather events (Mozny et al., 2009; Lobell et al, 2008; Adejuwon, 2006; Washington et al. 2006; Wolfe et al, 2005; Mendelsohn, et al. 2000) .
According to Odjugo, (2010) , the air temperature pattern in Nigerian since 1901 shows an increasing trend with a sharp rise from the early 1970s till date. The mean air temperature in Nigeria oo between 1901 and 2005 was 26.6 C while the temperature increase for the 105 years was 1.7 C.
This increase in air temperature in Nigeria is higher than the global mean temperature increase of o 0.74 C recorded since 1860 when actual scientific temperature measurement started (IPCC, 2007) . Should this trend continue unabated, Odjugo, (2010) predicted that Nigeria may experience oo between the middle (2.5 C) and high (4.5 C) risk temperature increase by the year 2100. Odjugo, (2010) also proved that rainfall trend in Nigeria between 1901 and 2005 shows a general decline. Within the 105 years, rainfall amount in Nigeria dropped by 81mm. The declining rainfall worsened from the early 1970s, and the pattern has continued till date. This period of worsened rainfall decline also corresponds with the period of sharp temperature rise. It was however observed by Odjugo, (2005 Odjugo, ( , 2007 that rainfall pattern was disproportionate across the country, as coastal areas experience an increase in rainfall while the continental interiors experience a decrease. These studies (Odjugo, 2005 (Odjugo, , 2007 also showed that while the areas in the Nigeria experiencing double rainfall maximal is shifting southward, the short dry season ("August Break") is being experienced more in July as against its normal occurrence in the month of August prior to the 1970s. These shifts are major disruptions in climatic patterns of Nigeria showing evidences of a changing climate, leading among other things to farmers' finding it difficult to time their farming operations.
Nigeria is plagued with diverse socio-economic and ecological problems, which are directly linked to climate change (Odjugo, 2005; Ayuba et al. 2007 ). Mendelsohn and Dinar, (1999) estimated that by 2100, Nigeria and other West African countries are likely to have agricultural losses of up to 4 % of their Gross Domestic Products (GDP) due to climate change. Agricultural yield in some ecologically sensitive (e.g. the Sahel and Sudan savannah) parts of Nigeria could decline by up to 50 % by 2020 due to the impact of climate change (IPCC, 2007) . Shift in crops cultivated, (Odjugo, 2008) , reduction of arable lands due to sea incursion and desert encroachment, pests and diseases migration in response to climate change and crop failure are some documented impacts of climate change in Nigeria. Apata, (2006) lamented that as a result of the declining crop yields and unpredictable weather patterns, some farmers are abandoning farming for non-farming activities. According to Ajayi (2009) , agriculture in Nigeria employs over 70% of the population, contributes about 41% of GDP, accounts for 5% of total export and provides 88% of nonoil earnings. Ajayi (2009) further stated that farm holdings in Nigeria fall into three broad categories small scale with 0.1 to 5.99 ha, medium scale with 6-9.99 ha, and large scale with upward of 10 ha, adding that small scale farm holdings predominate in Nigeria, accounting for 81% of the total area. IPCC, (2007) indicated that small scale farmers, pastoralists and artisan fisher folk will suffer complex, localised impacts of climate change. These small scale farmers face challenge such as lack of access to production assts and farm inputs, poverty, low literacy level and poor access to agricultural information, which makes them more vulnerable to changes that are beyond their control. To address the issue of climate change, its impact on agriculture and adaptation appropriately, one must therefore take into account small scale farmers' understanding of climate change. Maddison (2006) points out that adaptation to climate change is a two-step process, which initially requires the perception that climate is changing and then responding to changes through adaptation. Within the last decade, there has been a movement among development organizations and funding partners such as OXFAM GB to incorporate a more sustainable and participatory approach to agricultural development. The approach involves utilizing the small scale farmer in a more active role, as co-learner and co-participant. This change in roles for the small scale farmer has come about primarily because they have been recognized as a primary player in a successful and sustainable agricultural development strategy. The small scale farmer is being viewed by development agencies not only as a beneficiary, client or co-learner in agricultural extension efforts, but also as contributor of cultural, traditional agricultural and environmental wisdom which could define a more relevant technology and the successful adoption of the technology (Smit and Skinner 2002) . Accordingly, there is the need to gain as much information as possible about small scale farmers' perception of climate change, their adaptation strategies and how their adaptive capacity can be improved.
Consequently, the purpose of this study is to investigate small scale farmers' perception and adaptation to climate change in Nasarawa State of Nigeria within the context of development programmes. The specific objectives are to:
i. Examine small scale farmers' perception of temperature and rainfall variation in the study area. ii. Compare small scale farmers' perception of temperature and rainfall variation with meteorological records in the study area. iii. Examine adaptation practices adopted by small scale farmers to climate change in the study area. iv. Examine constraints to climate change adaptation in the study area.
This study will guide policy makers on ways to promote adaptation within sustainable development programmes. It is increasingly argued (for example, Richard and Klein, 2004 ) that many climate change studies, whilst effective in alerting policymakers to the possible effects of climate change, have had limited usefulness in providing local-scale guidance on adaptation. The study also brings to the fore small scale farmers' knowledge which can be shared and explored in developing adaptation strategies and action plans. It focuses on the local perception of a global problem and how local solutions are being directed to a global challenge.
MATERIALS AND METHODS
The study area is Nasarawa State of Nigeria. It was created from the old Plateau State on st the 1 October, 1996, with Lafia as the State Capital and thirteen (13) ,32'N 8 ,18'E and 8.5 N 8 .3 E. It lies within the Guinea Savannah region, has tropical climate and is made up of plain lands and hills measuring up to 300fts above sea level at some points. Rain-fed agriculture at subsistent level is the main stay of the economy.
The study is based on a survey of one hundred and thirty eight (138) farm household heads during the 2010/2011 farming season in Nasarawa. The farm household heads were beneficiaries of the Strengthening the Livelihoods of Small Scale farmers in Nigeria (SLISSFAN) agricultural programme co-funded by the European Commission and Oxfam GB and executed in partnership with local partners. SLISSFAN local partners assisted in data collection. The study samples were collected from the nine communities (Ikposogye, Musha, Tudu Adabu, Kirayi, Assakio, Rafin kudi, Ahenta, Ogbagi, Gbamze West) spread over three local governments areas (Obi, Lafia, Nasarawa-Eggon) in the State SLISSFAN project.
Primary and secondary data were collected and analysed for the study. From the SLISSFAN project baseline data obtained from Oxfam, household heads who were 40 years old and above and who have lived in the community for 20 years and above were purposively selected and used as the sampling frame. This was done to ensure only farmers that were matured enough to recall temperature and rainfall pattern in their communities were sampled. Simple random sampling (fish bone method) was used to select respondents for the study. Fifteen household heads were selected from each of the 9 participating communities and 3 extra household heads were selected from each of the 3 participating local governments. This was done to ensure balance in the spread of respondents in the study area.
A pre-tested interviewer-administered questionnaire was used to elicit information from household heads selected for the survey. Thirty years (1980 -2009) meteorological records on temperature and rainfall in the study area were obtained from Nigeria Meteorological Agency (NIMET) for the Jos Station, which accounts for weather records for Nasarawa State.
The time series was used to analyse trends in temperature and rainfall. Regression linear trend lines were plotted using Microsoft Excel 2007 software version, which also produced the estimation of changes in temperature and rainfall. The pattern of temperature and rainfall were depicted using lines and histogram respectively, while trend lines were used to depict the slopes of the rainfall and temperature. Farmers were asked to respond to questions on patterns of temperature and rainfall over the past twenty (20) years, their adaptation practices and constraints to climate change adaptation. Frequency counts and percentages were used to describe the primary data.
RESULTS AND DISCUSSION
The result of the study shows that 81.9% of respondents perceived an increase in air temperature while 11.6% perceived a decrease in air temperature within the last 20 years (Table 1) . The table further reveal that while 44.9% of respondents perceived a decrease in rainfall amount, 43.5% perceived an increase.
The respondents' perception of the causes of the changes in climate over the last 20 years indicate that 50.7% linked it to tree cutting by humans, 45.7% claimed it was caused by sin, 43.5% identified bush burning as the cause and 24.6% claimed it was caused by evil spirits (Table 2) . It is instructive to note that none of the respondents in the study think climate change is caused by nothing or that it is just a normal, naturally occurring phenomenon. According to IPCC (2007) , the changes in the climate system in recent decades is anthropogenically enhanced, i.e., caused by human activities such as bush burning, tree cutting and industrialization among other things. While the perception of the causes of climate change by the farmers is in agreement with IPCC, (2007), a sizeable proportion of the respondents in the study still erroneously ascribe the cause of climate change to sin and evil spirits. The implication of this finding is that small scale farmers need to be enlightened on the meaning, causes and impact of climate change.
Small scale farmers practice a wide array of adaptation options in response to changes in climatic conditions. The leading climate change adaptation practices according to Table 3 are change in planting date (97.8%), tree planting (77.5%), crop diversification (70.3%) and use of improved crop/livestock species (69.6%). Change in planting date is cost effective but require good technical knowledge and current information on when it is best to plant. Tree planting could be a response to encroaching desert conditions spreading to the guinea savannah from the Sudan/Sahel savannah and the associated wind storm (Yaqub, 2007; Ogjugo and Ikhuoria, 2003) . Trees also serve as shades and eventually as source of fuel wood in rural communities. However, the benefit of tree planting as an adaptation option will take several years to begin to accrue. Furthermore, the use of improved crop/livestock species and crop diversification in response to climate change will require some measure of scientific input, technical knowledge and access to information by the farmers.
In other to respond to the impacts of climate change on different aspects of their farming and livelihoods, farmers engage in a variety of non-farm adaptation options. Table 4 shows that 95.7% of the respondents resort to prayer/other spiritual exercises. This is followed by 84.8% who carried out changes in house construction. Other adaptation practices engaged by the respondents were insect (mosquito) management (76.1%) and engagement in non-farm livelihoods activities (65.2%). Changes in house construction by the respondents involved making adjustments in old building and innovative architecture in new ones that provide ventilation and use less heat conducting materials. Insect (mosquito) management in the study area include the burning of dry leaves that produce a unique smell that dispel mosquitoes. Non-farm adaptation activities in response to climate change in the study area includes petty trading, daily movement to nearby towns to work as car wash men, drivers and bus conductors.
An understanding of what is preventing small scale farmers from adapting their farm operations and livelihoods activities to changes in the climate will assist policy makers and development partners in planning appropriate and effective intervention programmes to build the farmers' resilience to climate change and also reduce their vulnerability to the impacts of the climatic changes. According to Table 5 , inadequate financial resource was indicated by 70.3% of the respondents as a constraint in adjusting farm operations to the changing climate. Other common constraints were inadequate knowledge of appropriate adaptation options (39.9%), inadequate information on weather (38.4%), inadequate access to required farm inputs (37.7%) and shortage of farm land (34.8%). The implication of this finding is that for climate change adaptation strategies for small scale farmers to be effective, it should not impose heavy financial burden on the farmers. Weather forecasting services, awareness and capacity building on climate change adaptation options as well as provision of necessary farm inputs should also be incorporated into adaptation options for small scale farmers. Figure 1 shows an increasing trend in minimum temperature for Jos meteorological Given that 81.9% of the respondents perceived an increase in air temperature, it can be inferred that the farmers' perception of temperature in the study area appear to be in accordance with meteorological records in the region. Figure 3 shows the total annual rainfall amount trend for Jos meteorological station for the period 1980 to 2009 and presents a decreasing trend. Over the 30 years period, total annual rainfall 0 amount has decreased by -8.48mm (y = 107.1 0.29x). The mean total yearly rainfall amount is 102.9mm, with lowest rainfall of 814mm (1995) and highest of 1582mm (2002) . Given that the highest proportion of the respondents (44.9%) perceived that rainfall amount is decreasing, the farmers' perception is in harmony with meteorological records in the area. Figure 4 presents the wet season average rainfall amount in 5 years period for Jos from 1980 2009. It revealed that July and August consistently had the highest rainfall amount. Also, there is an increase on rainfall trend in August (18.24mm/30 years), but a decrease in rainfall trend in May (22.23mm/30 years) and July (45.75mm/year). Again, this is contrary to previous climatic records in Nigeria which shows double rainfall maxima in June and September with a break in August (FME, 2003) . This underscores the unpredictability of rainfall. It also supports the findings of Odjugo (2005) and Odjugo (2007) that the short dry period during the raining season commonly known as the August break is shifting to July.
CONCLUSIONS
This study demonstrates that the climate is changing and farmers are able to correctly perceive the changes in the climate trend. Furthermore, the study reveals that farmers engage in a variety of farm and non-farm practices to adapt to the changing climate, but they face constraints such as inadequate financial resources and poor access to inputs and the required information on weather and agriculture, in adapting their farming operations and livelihoods to climate change. These constraints will limit the farmers' ability to respond to current climate change regime and extreme weather incidences. It is recommended that policy makers and development partners collaborate with small scale farmers in terms of information exchange in developing appropriate policies and programmes that will build the farmers' adaptive capacity. Development efforts in rural agrarian communities should also incorporate climate change information initiatives, weather forecasting services and access to agricultural inputs. 
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